(Invivogen) Oligonucleotides encoding shRNAs were synthesized and ligated into a modified pSilencer 2.1-U6 vector with a EGFP expression cassette (a kind gift of Dr. S. Bonni) (Sarker et al., 2005) . To test effectiveness, the shRNAs were co-transfected with a previously described VSVG/His-tagged mouse GPR56 (Jin et al., 2007) into HEK 293T cells using Lipofectamine 2000 according to the manufacturer's instructions. Protein levels were analyzed by Western blot using VSVG or His antibodies.
For GPR56 expression, the full coding sequence of mouse Gpr56 was TOPO cloned into pcDNA3.1 (Invitrogen). This plasmid was used in a 1:1 molar ratio with an EGFP-expressing plasmid. In some experiments, a previously described plasmid (Jin et al., 2007) encoding fulllength GPR56 with dsRED/EGFP tags was used, with similar results. These constructs were used for GPR56 expression in cerebellar slices (by electroporation) and in HEK 293T cells (by transfection with Fugene 6 (Roche) or Lipofectamine 2000 (Invitrogen) reagents. GPR56 expression was confirmed by Western blot.
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Soluble fusion proteins containing the N-terminal extracellular domain of mouse GPR56
fused to mouse or human Fc (mGPR56-Fc), as well as a modified version lacking the putative ligand binding region (mGPR56Ndel-Fc) were produced, concentrated, and tested as described previously (Jin et al., 2007; Li et al., 2008) . Preparations at 200 µg/ml were used to test effects on granule cell adhesion.
BrdU labeling
For BrdU labeling, pregnant mice (E18.5) or newborn mice (P0) were injected intraperitoneally with BrdU (50mg/Kg body weight, dissolved in PBS). Brains were removed 2 hours later and processed for cryosectioning. Sections for BrdU staining were pretreated for 2 hours in 2N HCl at room temperature prior to immunolabeling. Comparisons of BrdU-positive cell numbers were made between genotypes using unpaired one-tailed Student's t tests.
Cerebellar dissociated cell cultures
Cerebella from P0.5 mice were dissected and tissues were digested with papain as described for Adhesion assays (see Materials and Methods section). Papain was inactivated with Neurobasal medium (Gibco) containing 20% FBS. After brief centrifugation, the serum-containing medium was replaced with serum-free Neurobasal medium containing P/S, L-glutamine, and N2 (1:100) and B27 (1:50) (Gibco) supplements (granule cell medium). Cells were triturated, filtered through a 40µm filter, and centrifuged and resuspended once more in granule cell medium supplemented with 25mM KCl. Cells were plated on an uncoated tissue culture-treated dish for 30 min to remove fibroblasts. The unattached cells were washed off and plated on a dish coated with 10 µg/ml poly-D-Lysine for 30-45 min to separate glial cells. Finally, after gentle washing, the unattached cells, consisting of over >95% granule cells, were resuspended in granule cell medium with KCl and plated at 0.5 x 10 6 cells/well onto 12-well tissue culture dishes coated with 10 µg/ml Poly-D-lysine.
Neurite outgrowth assay
Dissociated granule cell cultures from rostral cerebella of P0.5 Gpr56 +/-or -/-mice were prepared as described above and neurite outgrowth was measured using ImageJ essentially as described previously (Powell et al., 1997; Buttiglione et al., 1998 
Neuron-glia migration assay
Migration of granule cells along glial processes was performed as described previously (Edmondson and Hatten, 1987; Rio et al., 1997) . Briefly, cerebellar glial cells from P5 Gpr56 -/-cerebella were enriched and plated onto Poly-D-Lysine (PDL)-coated plates. For some samples wild type glia were used instead with similar results (not shown). After 7-12 days, the glia were passaged onto fresh PDL-coated glass-bottom 35mm dishes (MatTek) at 40,000 cells/dish. One day later, freshly dissociated granule cells from rostral cerebella of Gpr56 +/-and -/-mice at P0.5 were added to the glial cultures at a ratio of 5-8 neurons per glia. Cocultures were incubated overnight, and time-lapse imaging was performed using a motorized X-Y stage and Z-focus drive on an inverted microscope (Nikon TE-300) controlled by an automated acquisition system (Improvision). Cultures were incubated in media containing 10mM HEPES, and covered with a layer of mineral oil to prevent evaporation. Dishes were kept at 37ºC throughout the experiment. As in our previous study (Rio et al., 1997) , cells were chosen for imaging if the glia had a radial process >50 µm, and granule cells were positioned on this radial process.
Approximately 12 fields per dish were selected and images of each field were acquired every 10 min for 60-90 min using a video camera (Hamamatsu). Calculation of distances was performed using ImageJ (NIH), and average speed was calculated as the distance traveled within 60 min (n = 3 experiments each for Gpr56 +/-and -/-granule cells, on Gpr56 -/-glia). Data were compared using the Kolmogorov-Smirnov test.
Neuronal migration assay in cerebellar microexplant cultures
Microexplant cultures were prepared essentially as described previously (Nagata and Nakatsuji, 1990; Bix and Clark, 1998; Kumada et al., 2009) . Briefly, small pieces (300-500 µm) of the EGL from rostral lobules of Gpr56 +/-and -/-P0.5 cerebella were microdissected, rinsed in HBSS, and placed onto glass-bottom tissue culture dishes coated with laminin-1, fibronectin or collagen IV at 20 µg/ml. Microexplants were grown in DMEM/F12 (Gibco) supplemented with B27 (Gibco) in a tissue culture incubator at 37ºC. At 20 h and 40 h after seeding, samples were imaged on an inverted microscope (Nikon) with a video camera (Hamamatsu). Multiple fields were stitched to generate images of each explant and all the cells migrating from it. To quantify migration in the images, concentric rings 100 µm apart were drawn around the outlines of the explant, and cells within each band were counted in ImageJ (NIH). The distribution of cells was compared between genotypes for each substrate and timepoint using the Kolmogorov-Smirnov A, GPR56 shRNA decreases levels of co-expressed, VSVG-His-tagged mouse GPR56 protein by over 80% whereas a control scrambled shRNA has no effect on GPR56 levels, demonstrating the effectiveness and specificity of the RNAi approach. The dishes, coated with ECM molecules or BSA as control, were also pre-incubated with the respective GPR56 peptides for 1 h prior to the addition of cells. The GPR56 peptides did not significantly inhibit granule cell adhesion (P > 0.15, ANOVA), suggesting that GPR56 on granule cells does not mediate adhesion by direct binding to laminin, fibronectin or collagen IV.
Bars represent mean ± SEM, n=3 experiments, 3-5 samples per treatment per experiment.
